Background: Intensity-modulated radiotherapy (IMRT) is the main salvage treatment for advanced locally recurrent nasopharyngeal carcinoma (NPC); however, survival outcomes vary. We aimed to construct a prognostic-score model to identify patients who could benefit from salvage IMRT.
Nasopharyngeal carcinoma (NPC) is common in southern China, especially in the Guangdong province, where rates range from 20 to 30 cases per 100 000 population (Yu and Yuan, 2002; Wei and Sham, 2005) . Radiotherapy is the standard treatment for early disease, and combined radiotherapy and chemotherapy is applied for advanced disease (Al-Sarraf et al, 1998; Wee et al, 2005) . Despite significant improvements in local control due to advances in radiotherapy and combined modality treatments, local recurrence remains a major cause of treatment failure in patients with advanced NPC (Kam et al, 2004; Lee et al, 2005) . However, a significant proportion of patients can achieve long-term survival following salvage therapy; therefore, aggressive treatment with curative intent is usually recommended (Lee et al, 1993; Yu et al, 2005) . Owing to the high risk of infiltration, most cases of recurrent NPC are already extensive at diagnosis, and external beam radiation therapy is often the only selection for salvage treatment. Conventional radiotherapy can be difficult, with a high incidence of late complications due to the constraints of critical structures in the vicinity of the target tumour, which would have already received a high dose of radiation during the first course of radiotherapy. As such, the 5-year overall survival (OS) rate is poor, with a range of only 8-36% (Teo et al, 1998; Lee et al, 2000; Zheng et al, 2005) . The introduction of intensity-modulated radiotherapy (IMRT) can provide a more favourable balance between target coverage and the sparing of adjacent organs (Hsiung et al, 2002) . Preliminary reports have demonstrated that better disease control and patient survival can be achieved with a relatively low incidence of late complications by using IMRT in patients with locally recurrent NPC (Lu et al, 2004; Chua et al, 2005; Roeder et al, 2011; Han et al, 2012; Hua et al, 2012; Qiu et al, 2012) .
Along with other solid tumours, locally recurrent NPC is a highly heterogeneous disease (Lee et al, 2000; Hua et al, 2012) , and patient survival following IMRT varies, ranging from several months to long-term survival. Therefore, developing a model to predict the survival outcomes in patients with locally advanced NPC could facilitate the identification of those patients who would most benefit from IMRT. Such a model could also contribute to the design of clinical trials for locally recurrent NPC. The aim of this study was to design a prognostic-score model for this purpose through the retrospective investigation of prognostic factors and outcomes in patients with locally recurrent NPC following IMRT.
MATERIALS AND METHODS
Patient selection and pretreatment evaluation. A total of 251 patients with locally recurrent NPC were diagnosed and received re-irradiation using IMRT at the Sun Yat-Sen University Cancer Centre between January 2001 and May 2009. Local recurrence was confirmed by biopsy for most of the patients. Those patients with recurrence in inaccessible sites, such as the skull base and intracranial cavity, were diagnosed radiologically according to local disease progression.
The pretreatment evaluation involved a complete medical history, and physical examinations included the patient's performance status and any severe complications (i.e., trismus, radiation encephalopathy, cranial nerve palsy and mucosa necrosis). A complete blood count, renal and liver function tests and nasopharyngoscopy were required. Magnetic resonance imaging (MRI) or computed tomography (CT) of the nasopharynx and neck was performed for the staging evaluations. Chest X-rays, abdominal sonography and bone scans were performed to detect distant metastases. Positron emission tomography-CT (PET-CT) was performed at the physician's discretion. All patients with recurrent NPC were re-staged according to the classification system of the American Joint Committee on Cancer (AJCC; 2002).
Intensity-modulated radiotherapy. Target volumes were delineated according to our institution's treatment protocol, in agreement with the International Commission on Radiation Units and Measurements (ICRU) reports 50 and 62. The gross tumour volumes (GTVs) at the primary site (GTV-nx) and neck (GTV-nd) included the total disease volumes visualised using CT or MRI. The clinical target volumes (CTVs) were designed to encompass microscopic disease by including the GTV plus a 1-to 1.5-cm margin; smaller margins (o3 mm) were applied near critical intracranial structures or the spinal cord. The CTV also included the entire nasopharynx and lymph node-positive regions. No elective re-irradiation of the uninvolved regional lymph nodes was performed (Figure 1) . Additional 2-to 3-mm margins were added to the CTV and GTV to create the planning target volume (PTV) for setup variability and internal motion. The organs at risk (OARs) included the brainstem, spinal cord, optic nerves, optic chiasm, pituitary gland, lens, temporal lobes, parotid glands, temporomandibular joints and mandible. The dose constraints to the OARs were limited by the threshold doses, the disease-free interval (DFI) after primary radiotherapy and the patient's general condition. For example, patients with severe complications, poor status and/or diabetes were prescribed a relatively low dose of 60 Gy to the GTV, and more attention was given to sparing the adjacent organs.
The prescribed doses were 60-70 Gy to the GTV and 50-54 Gy to the CTV in 27-35 fractions. All patients received full-course IMRT with 6 MV X-rays generated using a Clinac-600C linear accelerator (Varian Medical Systems, Palo Alto, CA, USA).
Chemotherapy. Cisplatin-based induction or concurrent chemotherapy was administered in 126 patients with rT 3-4 and/ or bulky gross tumours. The groups included 46 patients with concurrent chemoradiotherapy, 67 patients with induction chemotherapy followed by radiotherapy and 13 patients with induction and concurrent chemotherapy.
Patient assessment and follow-up. After treatment completion, patients were evaluated at least once every 3 months during the first 3 years and then every 6 months thereafter until death. Magnetic resonance imaging or CT of the head and neck, chest X-ray radiography and abdominal ultrasonography were performed annually. Severe radiation toxicities secondary to treatment were assessed and scored according to the radiation morbidity scoring criteria of the Radiation Therapy Oncology Group (RTOG).
Statistical analysis. Overall survival, local-regional failure-free survival (LRFFS) and distant failure-free survival (DFFS) were calculated using the Kaplan-Meier method. Differences between survival curves were compared using the log-rank test. Univariate and multivariate analyses were performed using the Cox proportional hazards model. The time periods were calculated from the date when recurrence was diagnosed to the date of each event or the last follow-up. Disease-free interval was defined as the time between the completion of the primary radiotherapy to the diagnosis of recurrence in patients who had achieved a complete response. The following factors were included in the analyses: patients' characteristics (performance status, age, gender and late complications); disease characteristics (T-stage of recurrence, synchronous nodal recurrence, GTV-nx and DFI); and treatment methods (chemotherapy, re-irradiation dose). A P-value o0.05 was considered significant.
The regression coefficient (b) for each independent prognostic factor was derived from the Cox regression equation (HR ¼ e b ), where HR is the hazard ratio. This value was then converted into an integer to provide a score index for the prognostic-score model.
RESULTS
Clinicopathological characteristics. The clinicopathological characteristics of the patients are given in Table 1 . The median age was 45 years (range, 21-75 years). Approximately 39 out of 251 (15.5%) patients presented with late complications after the first course of radiotherapy, including 16 patients with trismus, 10 with radiation encephalopathy, 9 with cranial nerve palsy and 4 with mucosa necrosis (xerostomia and hearing loss were not included).
Treatment planning and dosimetry. The median minimum, mean and maximum doses for the GTV-nx were 57.5 Gy (range, 33.3-70.5 Gy), 70.7 Gy (range, 61.1-79.7 Gy) and 76.7 Gy (range, 65.5-85.8 Gy), respectively. The median percentage of the GTV receiving 95% of the prescribed dose (V95) was 98.1% (range, 56.1-100%); the median dose encompassing 95% of the GTV-nx (D95) was 68.1 Gy (range, 64.5-71.4 Gy).
Patient survival outcomes. The median follow-up period was 40.0 months (range, 3.0-147.0 months). A total of 15 patients were lost to follow-up between 6.0 and 61.0 months. Local-regional failure was confirmed in 48 out of 251 (19.1%) patients, including 43 out of 48 (89.6%) with local failure and 5 out of 48 (10.4%) with regional failure. Distant metastases occurred in 37 out of 251 (14.7%) patients, including five patients with local failure. The 3-year and 5-year LRFFS rates were 80.6% and 75.1%, respectively. The 3-year and 5-year DFFS rates were 86.1 and 80.6%, respectively.
A total of 159 out of 251 (63.3%) patients died during this study. Of these, 77 out of 159 (48.4%) deaths were due to radiationinduced injuries, including 41 out of 77 (53.2%) from mucosa necrosis or massive haemorrhage, 14 out of 77 (18.2%) from radiation encephalopathy and 22 out of 77 (28.6%) from other radiation-related injuries. In addition, 37 out of 159 (23.3%) patients died due to local-regional failures and 32 out of 159 (20.1%) due to distant failures. Other causes responsible for 15 out of 159 (9.4%) deaths included 3 out of 15 (20.0%) cases of cardiac disease, 2 out of 15 (13.3%) cases of leukaemia, 2 out of 15 (13.3%) cases of intracranial infection, 1 out of 15 (6.7%) case of digestive diseases and 5 out of 15 (33.3%) unknown causes. The 3-year and 5-year OS rates were 53.2% and 41.1%, respectively.
Late complications. Treatment was not interrupted due to severe acute toxicity in any of the patients. However, most patients developed mild to moderate acute toxicities, including mucositis, xerostomia and otitis media. Approximately 20 out of 251 (8.0%) patients experienced grade-3 acute mucositis, 18 of who underwent concurrent chemoradiotherapy. After the completion of IMRT, 84 out of 251 (33.4%) patients developed mucosa necrosis, 61 out of 251 (24.3%) developed temporal lobe necrosis and 19 out of 251 (7.6%) developed cranial neuropathy during the follow-up period.
Significant xerostomia, hearing loss and trismus were common, and 102 out of 251 (40.6%) patients developed at least one of these conditions. Those patients with rT 3-4 tumours or GTV-nx 430 cm 3 exhibited significantly higher incidences of mucosa necrosis than patients with rT 1-2 stage tumours (36.8 vs 26.1%; P ¼ 0.04) or with GTV-nx p30 cm 3 (38.7 vs 23.0%; Po0.01).
Univariate analyses. The statistically significant negative prognostic factors for OS were Karnofsky Performance Status (KPS) p70, age 450 years, severe late complications, rT 3-4 tumours, GTV-nx 430 cm 3 and mean re-irradiation dose 468.0 Gy. Synchronous nodal recurrence was marginally significant in predicting poor OS. These results, including P-values, are summarised in Table 2 . The statistically significant negative prognostic factors for LRFFS were KPS p70 (HR: 3.64; Po0.01), rT 3-4 tumours (HR: 3.68; Po0.01) and DFI o24 months (HR: 2.14; P ¼ 0.01). The only significant negative prognostic factor for DFFS was recurrence of rT 3-4 tumours (HR: 1.53; P ¼ 0.03).
Multivariate analyses. The significant independent negative prognostic factors for OS were KPS p70, age 450 years, severe late complications, rT 3-4 tumours, synchronous nodal recurrence and GTV-nx 430 cm 3 . These results, including P-values, are summarised in Table 3 . The survival curves of patients according to the different prognostic factors are shown in Figures 2 and 3 . Significant independent negative prognostic factors for LRFFS were KPS p70 (HR: 3.06; P ¼ 0.04) and rT 3-4 tumours (HR: 5.46; P ¼ 0.02). However, no significant independent factor was associated with DFFS by multivariate analysis. Scoring of patients according to the prognostic-score model.
The prognostic-score model was based on the regression coefficients of the six significantly independent negative prognostic variables, as described above. A score of 2 or 3 was assigned for each factor, according to the HR (n) value (Table 4) . If a factor was not independently significant, a score of 0 was recorded. The maximum possible score for each patient was 15. The prognostic score for each of the 251 patients was calculated from the sum of the individual scores. Patients were then assigned to three risk stratification groups, based on the prognostic scoring system: (I) the low-risk group (total score, 0-4) included 79 out of 251 (31.5%) patients; (II) the intermediate-risk group (total score, 5-8) included 146 out of 251 (58.2%) patients; and (III) the high-risk group (total score, 9-15) included 26 out of 251 (10.6%) patients. The median survival periods of the patients in these groups were 62.0, 25.5 and 8.5 months, respectively (Po0.001; Figure 4 ). The 5-year OS rates were 64.3%, 32.2% and 7.7%, respectively. The survival curves were distinctly separated between these groups ( Figure 3D ).
DISCUSSION
In the management of locally recurrent NPC, aggressive treatment, including surgery or re-irradiation, instead of chemotherapy alone is usually recommended to improve the chance of long-term survival (Lee et al, 1993; Yu et al, 2005) . Chemotherapy is considered a palliative treatment for advanced recurrence, which is not suitable for local aggressive therapies or patients with distant metastases (Oksuz et al, 2004) . Salvage surgical resection in patients with early-stage recurrence has been shown to provide satisfactory disease control and improved quality of life (Wei, 2000; Hsu et al, 2001) . Brachytherapy and stereotactic radiotherapy have also been used successfully in patients with NPC but are limited by the extension and volume of the disease (Law et al, 2002; Chua et al, 2006) . Hsiung et al (2002) demonstrated the superior dose distribution and sparing of normal tissues with IMRT compared with three-dimensional conformal radiotherapy as a boost or salvage treatment for locally recurrent NPC. In a study by Lu et al (2004) , 100% loco-regional control (LRC) was achieved with IMRT in 49 patients without any severe late complications after a median follow-up period of 9 months. Chua et al (2005) reported a 1-year LRC rate of 56% and an OS rate of 63% in 31 patients following IMRT. In this study, we found similar 5-year LRFFS and OS rates of 75.1% and 41.1%, respectively, supporting these previous reports According to the HR (n value), the maximum value of recurrent T3-4 is 1.5 times of the minimum value of volume of GTV-nx. To simplicity, we assume that the value of baseline is 2.
that IMRT can be an effective salvage treatment in patients with locally recurrent NPC. Poor performance status is known to be associated with old age, and advanced disease and a high incidence of severe complications often indicate that these patients are unable to tolerate high-dose IMRT and chemotherapy, resulting in poor survival and little or no treatment benefit. A meta-analysis of head and neck cancers found that the benefits of chemoradiotherapy decreased with increasing age and that the proportion of deaths unrelated to the cancer significantly increased with age (Pignon et al, 2009) . Although age is accepted as a significant independent variable in the survival of patients with head and neck cancer (including primary NPC), the cutoff value reported in different studies has been inconsistent (Chow et al, 2002; Corry et al, 2006) . In agreement with an earlier study (Oksuz et al, 2004) , our results demonstrated that the patient performance status and age have prognostic significance. The 5-year OS rate in patients 450 years was only 37.5%, compared with 43.3% in younger patients.
Complications before retreatment associated with the poor survival of patients with local recurrent NPC include trismus, temporal lobe necrosis, cranial neuropathy (e.g., neuropathy of cranial nerves IX-XII) and mucosa necrosis. These conditions not only affect quality of life but can lead to poor status or death, and they became more severe after re-irradiation. In this study, the 5-year OS rate of patients with severe late complications was only 15.4% and the HR was 2.53. These findings indicate that a patient's characteristics, including performance status, age and severe late complications, should be important considerations in planning salvage treatments using IMRT for local failure in NPC.
The prognostic factors that have been most consistently reported for local control and OS are disease characteristics, such as the T-stage of recurrence and GTV-nx Roeder et al, 2011; Han et al, 2012; Hua et al, 2012; Qiu et al, 2012) . Patients with advanced-stage tumours and GTV-nx 430 cm 3 generally experienced poor tumour control and shorter survival times. These outcomes may be due to the following reasons: suboptimal dose distribution in advanced and extensive disease is compromised by the protection of critical, adjacent structures; poor blood supply and hypoxia associated with bulky tumours and tissue fibrosis can lead to decreased radiation and/or chemotherapy sensitivity; and there is a high incidence of necrosis and/or massive haemorrhage in advanced and bulky disease. In clinical practice, salvage treatments for advanced and bulky disease are challenging and require a balance between the benefits of aggressive treatment and potentially fatal complications. In this study, synchronous nodal recurrence was related to poor survival, as these patients are more prone to distant metastases, with a 5-year DFFS rate of 69.2%, compared with 82.1% in patients with local recurrence alone. However, the difference was not significant.
The heterogeneity of locally recurrent NPC indicates that not all patients will benefit from re-irradiation using IMRT, as they may experience poor disease control and severe late complications. Therefore, we constructed a prognostic-score model based on the six most significantly negative prognostic factors identified in patients following IMRT, as described above. This model was used to stratify the patients into three subgroups according to low-, intermediate-and high-risk scores. The aim was to discriminate between patients with good and poor prognoses and to select candidates more suitable for re-irradiation using IMRT. The patients in the low-and intermediate-risk groups achieved good disease control and survival after IMRT, with median survival periods of 62.0 months and 25.5 months, respectively, indicating that re-irradiation using IMRT can be a suitable option. However, the median survival of patients in the high-risk group was only 8.5 months. Some of the high-risk patients were unlikely to benefit from high-dose re-irradiation due to poor disease control and severe late complications. Therefore, further investigations to establish effective treatment strategies, including chemotherapy and targeted therapy, for these high-risk patients are warranted.
Although excellent disease control can be achieved with highdose irradiation using IMRT, the benefits need to be balanced against the risk of severe late complications, which remains the main cause of death following treatment. Mucosa necrosis and massive haemorrhage are among the main challenges, and their incidences are related to individual patient tolerance and radiation dose (Marx, 1983; Hua et al, 2009) . Furthermore, patients with advanced or bulky disease experience significantly higher rates of mucosa necrosis. Other main causes of death include temporal lobe necrosis and poor medical conditions related to radiation exposure, such as cranial nerve IX-XII palsy. To reduce the risk of late complications, investigations to determine the optimal total dose and dose-fractions for disease control, while sparing adjacent critical organs, are currently being conducted in our centre.
The purpose of this prognostic-score model was to enable those patients who would most benefit from IMRT to be identified and to facilitate improvements in the therapeutic ratio of re-irradiation in NPC. Our findings demonstrated that re-irradiation using IMRT can be an appropriate choice for patients in the low-and intermediate-risk groups but may not be suitable for some highrisk patients, indicating that further research is required to reduce the radiation dose to adjacent normal tissues. 
